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Abstract 

Most liver tumors are benign and hypervascular, and it is important to avoid unnecessary 
interventions for benign lesions. This review describes the typical and atypical imaging fea- 
tures of common hypervascular benign liver tumors and outlines a general approach to dis- 
tinguishing between benign and malignant hepatic lesions. There are many types of benign 
liver tumors that need to be differentiated from hepatocellular carcinoma (HCC). Therefore, it 
is very important to know the imaging characteristics of benign tumors. Gadolinium ethoxy- 
benzyl diethylenetriamine pentaacetic acid-enhanced magnetic resonance imaging is helpful 
in diagnosing hypervascular pseudotumors, focal nodular hyperplasia, and nodular lesions 
associated with alcohol-induced hepatitis. There are also some hypervascular malignant tu- 
mors, such as cholangiocarcinoma, cholangiolocellular carcinoma, mixed type tumors, and 
metastatic liver tumors, which also required differentiation from HCC. 
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Table 1. Hypervascular benign liver tumors and hypervascular nontumor lesions 





Hepatocyte origin 


HCA 


Cholangio cell origin 


Bile duct adenoma 


Mesenchymal origin 


Cavernous hemangioma, AML 



l^^^^^^^^^ontumoMesion^ 



Hyperplastic FNH 

Blood flow abnormality FNH-like nodules 

Inflammation Large regenerative nodules, 

AP-shunt, Zahn's infarction, 
pehosis hepatis, confluent fibrosis, 
abscess, inflammatory pseudotumor, pseudolymphoma 



Introduction 

Although hver parenchyma is fed by both the hepatic artery and portal vein, classical 
hepatocellular carcinoma (HCC) is usually fed by the hepatic artery only. Therefore, imag- 
ing of hepatic blood flow, including arterial and portal venous flow, is important for diag- 
nosing liver tumors. Dynamic computed tomography [CT) and magnetic resonance imaging 
(MRl), CT during arterial portography [CTAP), and CT hepatic arteriography [CTHA) have 
been developed to evaluate hepatic blood flow [1]. In particular, dynamic CT or MRI is es- 
sential for diagnosis of liver tumors. Moreover, MRI with tissue-specific MR contrast media 
and enhanced ultrasonography with real-time high-spatial-resolution imaging have recently 
become clinically available [2]. Imaging information enables us to deliver precise diagnoses, 
but some benign tumors are still difficult to differentiate from malignant lesions. In such 
cases, patients require invasive examinations, such as biopsy. In this review, we aim to clarify 
the main imaging features that allow differential diagnosis of benign liver lesions and malig- 
nant liver tumors, the latter consisting mainly of HCC. 



Key Points of Imaging Diagnosis of Benign Hypervascular Liver Tumors 

There are many types of benign hypervascular tumors that need to be differentiated 
from hypervascular HCC. When a lesion is diagnosed as benign, it is usually enough to fol- 
low it up by imaging examination alone, although some hepatic adenomas requires surgi- 
cal intervention. The most common benign hypervascular liver tumor requiring differential 
diagnosis is hemangioma. Other benign hypervascular liver tumors are shown in table 1 
and are listed here, starting with the most common: arterioportal [AP] shunt, focal nodular 
hyperplasia (FNH), hyperplastic nodule associated with portal venous abnormality due to 
alcohol-induced liver disease or Budd-Chiari syndrome, hepatocellular adenoma (HCA), an- 
giomyolipoma (AML), inflammatory pseudotumor, intrahepatic bile duct adenoma, and rare 
epithelial and mesenchymal tumors. 

Hemangioma 

Hemangioma of the liver is the most common benign liver tumor and is usually of the 
cavernous hemangioma variety [3]. Hemangioma is considered to be a developmental mal- 
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Fig. 1. Sclerosing hemangioma, a Plain CT shows hypoattenuated nodule without 
fat component in the right lobe, b Arterial phase image of dynamic CT does not 
show typical peripheral globular enhancement, c Equilibrium phase image of dy- 
namic CT shows prolonged slight enhancement inside the tumor, but not marked 
enhancement. Therefore, it is difficult to differentiate the lesion from HCC, AML, 
and metastatic tumor, d Because chronic hepatitis C was present as the baseline 
disease, malignancy could not be excluded. Consequently, hepatic resection was 
performed. However, the tumor was diagnosed as sclerosing hemangioma with 
hyalinization inside the tumor. 



formation that is usually of no clinical significance. It usually exhibits high echogenicity, but 
this is not a specific finding for diagnosis. Temporal changes of echogenicity, such as the wax 
and wane sign, the disappearing sign, and the chameleon sign, are relatively specific findings 
that are useful for diagnosing hemangioma. Color-Doppler ultrasound imaging has no specific 
finding for hemangioma and hence has no significant utility in its diagnosis [4]. 

Dynamic CT and MRl with extracellular contrast media are also very useful. Discontinu- 
ous enhancement in the arterial phase (so called spotty, globular, or bright dot enhancement) 
and prolonged enhancement in the portal venous and equilibrium phases are specific find- 
ings for hemangioma [5-8]. The time required for complete contrast fill-in of a hemangioma 
usually depends on its size. Small lesions may be completely opacified in less than 1 min and 
undergo homogeneously high attenuation on arterial or portal venous phase images, whereas 
large lesions may require 20 min or more for complete opacification. Small rapidly enhancing 
hemangiomas may be associated with adjacent hepatic parenchymal enhancement [staining) 
related to AP shunts [9]. Most hemangiomas can be diagnosed by dynamic CT; however, it is 
difficult to diagnose atypical hemangioma with hyalinization and fibrosis inside the tumor 
[fig. 1). Background diseases, such as a history of HCC or chronic liver disease, may make the 
diagnosis difficult [10, 11]. 

As stated above, MRI is also a useful modality for diagnosing hemangioma and shows 
marked high intensity on T2-weighted images. On dynamic MRl with gadolinium diethyl- 
enetriamine pentaacetic acid [Gd-DTPA), specific enhancement patterns [spotty, globular, 
or bright dot enhancement, as stated above) are seen which typically show early hyperin- 
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Fig. 2. Cavernous hemangioma on Gd-EOB-DTPA-enhanced MRI. Arterial phase 
(a], late phase (b], hepatocyte phase (c]. Each phase image shows a hypo-enhanced 
lesion in segment 7 of the liver. The lesion does not show peripheral globular en- 
hancement in the arterial phase or prolonged enhancement in the late phase, 
which are typical enhancement patterns of hemangioma. However, because the 
lesion shows very high intensity on the fat-suppressed T2-weighted image (d] de- 
spite its relatively small size, hemangioma can be suspected. 



tense peripheral nodular enhancement with complete fill-in on delayed images. However, 
currently, Gd-ethoxybenzyl-DTPA [Gd-EOB-DTPA], a hepatocyte-specific contrast agent, is 
commonly used on dynamic MRI because Gd-EOB-DTPA-enhanced MRI has been reported 
to considerably improve diagnosis of HCC and the detection sensitivity of HCC. However, 
the enhancement pattern of hemangioma on Gd-EOB-DTPA-enhanced MRI is different from 
that on dynamic CT and MRI with extracellular contrast media, such as iodine and Gd-DTPA. 
Washout of Gd-EOB-DTPA from the blood pool is much faster than that of iodine contrast 
media and Gd-DTPA. Thus, hemangioma does not show prolonged enhancement in the por- 
tal venous, equilibrium, and hepatocyte phases of Gd-EOB-DTPA-enhanced MRI [fig. 2). On 
Gd-EOB-DTPA-enhanced MRI, very high intensity on T2-weighted images and specific en- 
hancement patterns in arterial phase images [spotty, globular, or bright dot enhancement) 
are also important imaging findings for the diagnosis of hemangioma. 

Hypervascular Pseudolesions 

Hypervascular pseudolesions are hypervascular enhanced regions in the liver paren- 
chyma on arterial phase images caused by AP-shunts. There is no tumor in the hypervascular 
region. As is often the case in chronic liver diseases such as hypervascular HCC, the differen- 
tial diagnosis is important. AP-shunts are often seen in the subcapsular area of the liver and 
have a wedge shape with no washout of contrast medium in the portal venous phase. The pe- 
ripheral portal branch is seen in the hypervascular region [dot sign). These specific findings 
are useful to differentiate hypervascular pseudolesions from hypervascular HCC. However, 
some AP shunts have a round shape, and this complicates the differential diagnosis. Imaging 
findings such as the gradual decrease of hyperenhancement and no corona enhancement 
may be helpful for differential diagnosis [12, 13]. AP shunts usually exhibit iso-enhancement 
in hepatocyte-phase images on Gd-EOB-DTPA-enhanced MRI, indicating no decrease of Gd- 
EOB-DTPA uptake in the liver parenchyma. However, it should be noted that AP shunts may 
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show hypo-enhancement in hepatocyte-phase images because hver function can be impaired 
by long-standing AP-shunts [14]. 

Focal Nodular Hyperplasia 

FNH is a benign hypervascular tumor arising from the normal liver parenchyma. It occurs 
primarily in young women, is solitary in 75-80% of cases, and is often discovered inciden- 
tally on abdominal CT or ultrasound examinations [15, 16]. The typical imaging findings of 
FNH are a central scar, intratumoral centrifugal arteries from the center, and the presence of 
Kupffer cells and the proliferation of cholangiole, among others. 

On contrast-enhanced CT, FNHs undergo marked enhancement during the arterial phase, 
becoming appreciably hyperattenuating relative to the hepatic parenchyma. Moreover, one or 
more large feeding hepatic arteries, small central and septal arteries, and early draining veins 
often can be identified in large lesions. During the hepatic parenchymal phase, FNH usually 
becomes isoattenuating or nearly isoattenuating relative to normal hepatic parenchyma [17, 



A measure of the central scar can be detected by any imaging modality, especially as a 
high-intensity focusing area on T2-weighted MR images. The central scar, which is identified 
on MRI in approximately 30-50% of cases, is characteristically hypointense on Tl-weighted 
images and hyperintense on T2 -weighted images. However, FNH without a central scar is not 
uncommon. 

The intratumoral centrifugal arteries from the center seen on angiography, the so called 
spoke-wheel appearance, and direct venous drainage are specific imaging findings for FNH. 
Enhanced ultrasound is useful because it can detect the hemodynamics easily. However, the 
specific imaging findings can be seen only in 40% of FNH. In the past, the presence of Kupffer 
cells and cholangioles was evaluated by technetium-99m-labeled sulfur colloid scintigraphy, 
but recently, hepatic tissue-specific MR contrast media, such as superparamagnetic iron oxide 
(SPIO) or Gd-EOB-DTPA, have been used for this purpose. Iso- or high intensity or sometimes 
ring enhancement of the FNH in the hepatoc5^e image of Gd-EOB-DTPA-enhanced MR im- 
ages [accumulation of Gd-EOB-DTPA in the tumor) is a very specific finding. This finding is 
helpful to differentiate FNH from HCC because the extracellular properties of these agents 
can demonstrate the typical vascular enhancement pattern of FNH on dynamic post-contrast 
images. In addition, delayed imaging demonstrates uptake of the agent by hepatocytes within 
the lesion, demonstrating the hepatocellular origin of the mass [19, 20]. On Gd-EOB-DTPA- 
enhanced MR images, the area composed of hyperplastic hepatic nodules is hyperintense and 
the central scar is h5^ointense on hepatocyte-phase images, showing a typical imaging pat- 
tern of stellate or lacelike hypointensity within a hyperintense nodule [fig. 3) [21]. 

Fibrolamellar HCC, which usually arises in relatively young people, is an important malig- 
nant disease to differentiate from FNH. The points of differential diagnosis between FNH and 
fibrolamellar HCC should be noted. Fibrolamellar HCC shows heterogeneous enhancement in 
all phase images of dynamic CT and MRI. It also has central scar, as FNH does, but its central 
scar shows hypointensity on T2-weighted images due to its fibrous nature. Fibrolamellar HCC 
often has calcification in the tumor [68%) and lymph node metastasis, whereas the scar in 
FNH is rarely calcified [1.4% of lesions) [22]. In addition, HCC usually does not show delayed 
enhancement after Gd-EOB-DTPA administration. 

Nodular Lesions Associated with Alcohol-Induced Chronic Hepatic Disease 
(FNH-Like Nodules) 

Since Glund et al. [23] reported that hyperplastic nodules developed during the follow- 
up period in alcoholic men with micronodular cirrhosis, several investigators have reported 
hyperplastic nodules associated with alcoholic liver cirrhosis [24-29]. It was also pointed out 
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Fig. 3. FNH. a Arterial phase image of dynamic CT shows marked enhanced tu- 
mor, but the central scar is not enhanced (arrow], b T2-weighted image shows 
mild high intensity lesion (arrow] with central marked high intensity region in- 
dicating the central scar, c Arterial phase image of Gd-EOB-DTPA-enhanced MRl 
shows marked enhanced tumor (arrow], but the central scar is not enhanced, d 
Hepatocyte phase image of Gd-EOB-DTPA-enhanced MRl also shows slightly high- 
er enhancement of the tumor relative to the liver parenchyma (arrow], and the 
central scar as hypoenhancement. Because the tumor with a central scar takes up 
Gd-EOB-DTPA, the likely diagnosis is FNH. 



that these nodules had some histopathological similarities to FNH in non-cirrhotic liver; con- 
sequently, these nodules are called FNH-like nodules or lesions[29]. FNH-like lesions can 
also be seen in liver showing hemodynamic changes due to disease, such as Budd Chiari 
syndrome. 

FNH-like nodules are small h5^ervascular lesions, usually less than 2 cm in diameter 
They usually show marked arterial enhancement despite their small size. Because other hy- 
pervascular tumors such as metastasis, hepatocellular adenoma, or HCC may mimic FNH- 
like nodules, it is often difficult to make a confident diagnosis of FNH-like nodules based 
on vascularity alone, especially in atypical cases. However, FNH-like nodules do not show 
corona enhancement on CT hepatic angiography. Moreover, they take up SPIO and Gd-EOB- 
DTPA and commonly show iso- or hyperintensity in the hepatocyte phase of Gd-EOB-DT- 
PA-enhanced MRl, in contrast to malignant liver tumors and hepatocellular adenoma, the 
majority of which demonstrate hypointensity [30]. Just as for FNH, SPIO- and Gd-EOB-DTPA- 
enhanced MRl are usually helpful for the diagnosis of FNH-like nodules [fig. 4). In cases seen 
in association with chronic liver disease, differential diagnosis from HCC becomes important 
and is sometimes difficult. In such cases, dehcate follow up or biopsy may be required. 

Hepatocellular Adenoma 

HCA is a benign tumor that requires differentiation from HCC and FNH. The etiology of 
HCA is unknown, but it may be induced by hormonal medicines, such as those used in some 
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Fig. 4. FNH-like nodule associated with alcohol-induced chronic hepatic disease, 
a Early phase of CTHA shows small hyperenhanced lesion in the left lobe, b Late 
phase of CTHA shows washout of contrast medium in the lesion, but still higher en- 
hancement than the liver parenchyma. The lesion does not show corona enhance- 
ment, c CTAP shows clear hypoattenuated lesion indicating reduced portal venous 
perfusion, d SPlO-enhanced MRl shows the tumor as a hypointense lesion, an indi- 
cation that the tumor contains Kupffer cells and takes up SPIO more readily than 
the surrounding liver parenchyma. 



contraceptives, and can sometimes be seen in livers of patients with some types of glycogen 
storage disease. 

Typical imaging findings of HCA are homogeneous arterial enhancement and prolonged 
mild enhancement with smooth margins. However, it can sometimes show heterogeneous 
patterns if intratumoral hemorrhage is present. HCA shows heterogeneous signal intensity 
on Tl- and T2-weighted images, which reflect intratumoral hemorrhage and necrosis. HCA 
usually exhibits hypointensity on hepatocyte phase images of Gd-EOB-DTPA-enhanced MRI 
[fig. 5). These findings are useful for differentiating HCA from FNH but do not facilitate dif- 
ferentiation from HCC. 

In the 2010 WHO classification, HCA was divided into four subtypes based on molecular 
biology [hepatocyte nuclear factor la-inactivated type, p-catenin-activating mutation type, 
inflammatory type, and unclassified type) [31]. Inflammatory HCA is the most common sub- 
type and accounts for about 30-50% of all HCAs. These tumors are mainly seen in women, in 
association with obesity, hepatic steatosis, diabetes mellitus, glycogenesis [in particular, type 
I glycogen storage diseases], and alcohol abuse. More than 90% of women with HCA have a 
history of hormonal contraceptive use. There are few reports about specific imaging findings 
of each HCA subtype. In 2008, Laumonier et al. [33] were the first to publish the typical MRI 
features of HCA according to the subtype classification. A homogeneous dropout of signal on 
the out-of-phase Tl-weighted sequence had a sensitivity of 86.7% and a specificity of 100% 
for hepatocyte nuclear factor la-inactivated HCA, whereas this dropout was absent or only 
focal [heterogeneous) in inflammatory HCA. Moreover, Grazioli et al. reported that marked 
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Fig. 5. Hepatocellular adenoma, a Pre-contrast Tl-weighted image shows a hy- 
pointense lesion in segment 8. b Arterial phase image of Gd-EOB-DTPA-enhanced 
iVlRI shows homogenous marked enhancement of the tumor, c Late phase image 
of Gd-EOB-DTPA-enhanced l^RI shows washout of contrast medium in the tumor, 
but still slightly higher enhancement of the tumor relative to the surrounding liver 
parenchyma without a central scar, d Hepatocyte phase image of Gd-EOB-DTPA- 
enhanced IVIRI also shows marked hypointensity of the tumor relative to the liver 
parenchyma, without central a scar. HCA was strongly suspected; however, malig- 
nancy could not be excluded. Consequently, hepatic resection was performed. The 
tumor was diagnosed as hepatocellular adenoma (inflammatory HCA]. 



hyperintensity on T2-weighted images associated with delayed persistent enhancement has 
a sensitivity as high as 85% and a specificity of 87% for the diagnosis of inflammatory HCA. 
Because there are sinusoidal dilatation, inflammatory component and ductal reaction in ad- 
enomas, mainly in the periphery, those are seen as areas of hypointensity in the hepatocyte 
phase image [20]. Several authors have reported that a faint scar may be a possible sign of 
P-catenin-mutated HCA [32, 33]. 

Angiomyolipoma 

Hepatic AML is a rare disease and consists of hypervascular tumor with a fat component. 
The fat component can be detected by CT and ultrasonography. When the fat deposition is 
very minor, chemical-shift MR imaging is useful because of its sensitivity. Other benign liver 
tumors with fat components are myelolipoma, pseudolipoma, and lipoma; these lesions are 
rare and are usually hypovascular. Malignant liver tumor with a fat component is usually 
well-differentiated HCC with fatty metamorphosis, which is also usually hypovascular, al- 
lowing it to be differentiated from AML. AML without a fat component is hypervascular and 
sometimes needs to be differentiated from hypervascular HCC. Venous drainage of AML is 
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Fig. 6. Pseudolymphoma of the liver, a On contrast-enhanced CT, a hypoattenuat- 
ing tumor with a slightly hyperattenuating rim surrounding the tumor is shown in 
the right lobe of the liver, b FDG-PET scan shows high accumulation of FDG in the 
tumor [SUVmax; maximal standard uptake value is 7.4]. 



via the hepatic vein, but that of HCC is via the portal vein. These finding can be detected by 
enhanced ultrasonography or angiography, and sometimes can be detected by dynamic CT or 
MRI. 



Inflammatory Tumor 

Inflammatory tumors include liver abscess, pseudolymphoma and some subtypes of in- 
flammatory pseudotumor. Liver abscess usually shows typical clinical symptoms with specific 
imaging findings, such as segmental stain, the rim sign, and the double target sign, and thus its 
diagnosis is not particularly difficult. However, small abscesses [<1 cm) may show enhance- 
ment and mimic hemangioma. 

Pseudolymphoma exhibits arterial enhancement and washout of contrast medium in the 
late phase. It also shows hypointensity of the hepatocyte phase of Gd-EOB-DTPA-enhanced 
MRI; consequently, differentiating it from HCC may be difficult. Pseudolymphoma usually 
shows obvious hypoecho and high uptake on fluorodeoxyglucose positron emission tomog- 
raphy [FDG-PET, fig. 6). These findings are helpful points to differentiate pseudolymphoma 
from HCC. 

Inflammatory pseudotumor rarely exhibits clinical symptoms. Park et al. found that 
contrast-enhanced CT scans indicated poorly defined peripheral enhancement at the arterial 
phase in 82.5% of inflammatory pseudotumor cases and indicated poorly defined hyperatten- 
uating lesions with internal hypoattenuating areas at the equilibrium phase in 77.0% of cases. 
Gd-DTPA-enhanced MRI revealed poorly defined peripheral rim-like enhancement (77.8% of 
cases] [34]. However, the imaging findings may vary according to the inflammatory stage. It 
may sometimes be difficult to differentiate inflammatory pseudotumor from other focal le- 
sions such as atypical HCC, intrahepatic cholangiocarcinoma, metastatic tumors, or abscess 
that might show similar enhancement patterns during CT or MRI [35]. Follow up examination 
enables the correct diagnosis to be made, but sometimes a biopsy is required. 



Key Points of Imaging Diagnosis of Malignant Hypervascular Liver Tumors 
Other Than HCC 

The malignant hypervascular liver tumors that require differentiation from HCC include 
cholangiocarcinoma, cholangiolocellular carcinoma, mixed tumor containing HCC and cholan- 
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Fig. 7. Cholangiolocellular carcinoma, a Arterial phase image of dynamic CT shows 
a heterogeneous hypervascular tumor in the right lobe, b Portal venous phase image of 
dynamic CT shows wash out, but the lesion is still hyperattenuating. There are vascu- 
lar (portal vein] penetrating signs in the tumor, c Equilibrium phase image of dynamic 
CT shows prolonged slight enhancement of the tumor. Therefore, it is difficult to dif- 
ferentiate the tumor from HCC; however, its enhancement pattern is not typical of HCC. 
d The resected specimen shows a lobulated tumor without capsule and with vascular pen- 
etration in the tumor. The tumor was thus pathologically diagnosed as cholangiolocellular 
carcinoma. 



giocarcinoma, and metastatic tumors. It is easy to diagnose these lesions when they exhibit 
specific imaging findings. We indicate some of the key diagnostic points below. 

Cholangiocarcinoma 

Overall, 30% of cholangiocarcinomas arise against a background of chronic hepatic dis- 
ease, and they are reported to show hypervascularity in a high number of cases [36]. There- 
fore, it is important to differentiate cholangiocarcinoma from hypervascular HCC, which also 
usually arises in patients with chronic hepatic disease. Cholangiocarcinoma shows peripher- 
al bile duct dilatation and late enhancement due to intratumoral fibrosis without a capsule. 
These imaging findings are differential diagnostic points from HCC. 

Cholangiolocellular Carcinoma 

Cholangiolocellular carcinoma is classified into "mixed liver cancer with stem cell fea- 
tures, cholangiocellular subtype" in 2010 WHO classification [31]. It shows arterial enhance- 
ment in the same way that hypervascular HCC does, but also shows prolonged enhancement, 
no capsule, and signs of vascular penetration in the tumor [37]. These imaging findings are 
useful for differentiating cholangiolocellular carcinoma from HCC (fig. 7). 

Mixed Type Liver Cancer 

Mixed type liver cancer is classified into the classical subtype, which is composed of 
HCC and cholangiocarcinoma, and a subtype with stem cell features. Imaging findings vary 
according to the compositional balance of HCC and cholangiocarcinoma. Consequently, it is 
often difficult to differentiate mixed type liver cancer from HCC. 
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Metastatic Liver Tumor 

Metastatic liver tumor of adenocarcinoma, such as colon cancer or pancreatic cancer, of- 
ten shows doughnut-like ring enhancement due to its mucinous and fibrous components. As a 
result, it needs to be differentiated from cholangiocarcinoma. Metastatic liver tumors of renal 
cell carcinoma, breast cancer, and neuroendocrine tumors, for example, exhibit hypervascu- 
larity and have to be differentiated from HCC. When the primary lesion is known, metastatic 
tumors can be easily diagnosed. 



Summary 

We described the key points of imaging diagnosis of benign and malignant hypervascu- 
lar liver tumors that have to be differentiated from HCC. We may encounter benign lesions 
that are difficult to differentiate from malignant lesions, but by evaluating background factors, 
clinical information, and the specific imaging findings stated above, such liver tumors can be 
diagnosed precisely. 
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